We present new spectroscopic observations of the early type, double-lined eclipsing binary V446 Cep. The radial velocities and the photometric data 
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INTRODUCTION
High-mass stars are much less frequent than intermediate-or low-mass stars due to both the star formation process, which gives rise to an initial mass function declining with the mass (e.g. Salpeter, 1955; Kroupa, 2001) , and to their shorter evolutionary times. However, high-mass stars are very important because they can affect their surroundings with their winds, their strong radiation fields, and their catastrophic death as supernovae, chemically enriching their environment and triggering star formation. They usually form within the dense cores of stellar clusters and/or associations where dynamical interactions play an important role. It is widely believed that massive stars may be the product of collisions between two or more intermediate-mass stars. This idea is supported by the fact that a large fraction of massive stars harbour close companions, as failed mergers. It has been recently estimated that at least 50 % of massive stars are member of binary or multiple star system (Sana et al., 2012) . This lucky occurrence allows to directly measure the masses by means of their radial velocity (RV) curves. In many cases, spectral lines of both components are visible (SB2 systems), allowing to derive the orbital parameters like the period, P orb , the projected semi-major axes, a 1,2 sin i, and the masses, M 1,2 sin 3 i, apart from the factor sin 3 i. If our lineof-sight is close to the orbital plane and fractional radii of the components are not too small the stars display mutually eclipses. The orbital inclination and fractional radii of the component stars can be determined by the analysis of photometric light curves. Therefore, eclipsing binaries are unique tar-gets for determining the masses and radii from their combined light curves and radial velocities analyses. Nevertheless, absolute radii were measured only for a rather small number of early-type B-stars which are members of eclipsing binary systems (Hilditch, 2004; Torres et al., 2010; Ibanoglu et al., 2013a,b) . Thus, we started a systematic observing program devoted to the spectroscopic study of close eclipsing binary systems with at least one hot component.
V446 Cephei
The 
The Hipparcos' light curve (LC) displays a primary minimum with a depth of about 0.14 mag (Malkov et al., 2006) . Kazarovets et al. (1999) designated it as V446 Cep and classified it as an EA according to the criteria of the General Catalogue of Variable Stars. Simonson (1968) included the star in the list of probable members of the Cep OB2 association.
In this paper we present new spectroscopic observations of V446 Cep.
We evaluate effective temperatures and surface gravities of the component stars from an ad-hoc analysis of the spectra taken near the quadratures.
Combining the results obtained by the analysis of RV and light curves we determine directly absolute masses and radii of the components. We infer distance to the system, their fundamental parameters, and briefly discuss the main outcomes of this study.
OBSERVATIONS
Optical spectroscopic observations of V446 Cep were obtained at the TUBITAK National Observatory using the Turkish Faint Object Spectrograph Camera (TFOSC) attached to the 1.5 m telescope. The observations were made from July 22, 2012 to August 3, 2013, under good seeing conditions. Further details on the telescope and the spectrograph can be found at http://www.tug.tubitak.gov.tr.
The wavelength coverage of each spectrum was 4000-9000Å in 11 orders, with a resolving power of λ/∆λ ∼7 000 at 6500Å. The average signal-tonoise ratio (S/N) was ∼120. We also obtained high S/N spectra of early type standard stars 1 Cas (B0.5 IV), HR 153 (B2 IV), τ Her (B5 IV), 21 Peg (B9.5 V) and α Lyr (A0 V) which were used as templates in derivation of the radial velocities.
The echelle spectra were extracted from the raw images following standard reduction steps involving electronic bias subtraction, flat field division, cosmic rays removal, optimal extraction of the echelle orders, and wavelength calibration thanks to the emission lines of a Th-Ar lamp. The reduction was performed using tasks of the IRAF package 
RADIAL VELOCITIES AND ATMOSPHERIC PARAMETERS
Our spectroscopic dataset contains 15 observations for V446 Cep. We have measured radial velocities (RVs) from the spectra, focusing on spectral segments containing the He i λ5876 (order 4) and λ6678 (order 3) lines which are the most prominent un-blended features in our spectra, apart from the Balmer lines. We have employed the standard cross-correlation method for measuring the velocities of the component stars of the system. The crosscorrelation technique (Simkin, 1974; Tonry & Davis, 1979 ) is widely used for measuring RVs from the spectra of close binary systems. Cross-correlation analyses were made using the spectra of τ Her and 21 Peg as templates. The principle spectral features showing splitting due to binarity were the He i lines at λλ5876 and 6678. We used also order 9, containing the He i λ4471
line, for a few measurements of the radial velocities. The spectra taken close to the conjunctions, which display no double-lined feature, were disregarded.
The Balmer lines were not used in the measurements of radial velocities due to their extremely broad profiles.
We obtained 15 radial velocities for each component of V446 Cep. The average radial velocities and their associated standard errors derived from the spectral segments containing He i λλ4471, 5876, and 6678 lines are presented in Table 1 , along with the observation date and orbital phase. The mean error of radial velocities is 2.5 km s −1 for the primary, and 3.6 km s −1 for the secondary star of V446 Cep. The RVs are plotted against the orbital phase in Fig. 1 , where the filled squares represent the primary and the empty squares the secondary stars. Examination of the Hipparcos light curve show no evidence for any eccentricity in the orbit of the system. Therefore, we have assumed circular orbit and analysed the RVs using the RVSIM software programme (Kane et al., 2007) . Final orbital parameters are presented in Table 2 .
Determination of the atmospheric parameters
Intermediate-resolution optical spectroscopy permits us to derive most of the fundamental stellar parameters, such as the projected rotational velocity (v sin i), spectral type (S p ), luminosity class, effective temperature (T eff ), surface gravity (log g), and metallicity ([Fe/H]).
The width of the cross-correlation function (CCF) is a good tool for the measurement of projected rotational velocity (v sin i) of a star. We use a method developed by Penny (1996) to estimate the v sin i of each star composing the investigated SB2 system from its CCF peak by a proper calibration based on a spectrum of a narrow-lined star with a similar spectral type.
The rotational velocities of the components were obtained by measuring the The limb darkening coefficient was fixed at the theoretically predicted values, 0.42 for the system (van Hamme, 1993) . We calibrated the relationship between the CCF Gaussian width and v sin i using the Conti & Ebbets (1977) data sample. This analysis yielded projected rotational velocities for the components of V446 Cep as v P sin i=120 km s −1 , and v S sin i = 44 km s −1 .
The mean deviations were 3 and 9 km s −1 , for the primary and secondary, respectively, between the measured velocities for different lines.
We also performed a spectral classification for the components of the system using COMPO2, an IDL code for the analysis of high-resolution spectra of SB2 systems written by one of us (see, e.g., Frasca et al., 2006 ) and adapted to the TFOSC spectra. This code searches for the best combination of two reference spectra able to reproduce the observed spectrum of the system. We give, as input parameters, the radial velocities and projected rotational velocities v sin i of the two components of the system, which were already derived. The code then finds, for the selected spectral region, the spec- The atmospheric parameters of these reference stars were recently revised by Wu et al. (2011) .
We selected 198 reference spectra spanning the ranges of expected atmospheric parameters, which means that we have searched for the best combi- Table 3 . The observed spectra of V446 Cep at phases near to the quadratures are shown in Fig. 2 together with the combination of two reference spectra which gives the best match.
LIGHT CURVE ANALYSES
The light curve of V446 Cep was obtained by the Hipparcos spacecraft and is composed of 124 photometric points. The light curve is very similar to that of a detached Algol-type binary. The brightness of the system at the maximum and depth of the primary minimum were estimated by Malkov et al. (2006) to be 7.31 and 0.14 mag, respectively. However, we estimate the brightness of the system at the maximum light as Hp=7.348 mag, with a mean error of about 0.013 mag, and the depth the primary minimum as 0.10 mag. The Hp magnitudes were transformed to the Johnson's V-passband using the coefficients given by Harmanec (1998) . The Hipparcos light curve is plotted against the orbital phase in Fig. 3 . There is no indications of any asymmetry in the LC. As the secondary minimum occurs at phase 0.5, we have adopted circular orbits for our analysis. The effective temperatures for the primary and secondary star were estimated from the spectra as 26 580±880 and 12 000±1050 K, respectively.
The apparent visual magnitude and colour indices were given by Reed This colour index corresponds to an effective temperature of 26 800±800 K (Flower, 1996) , which is consistent with that obtained directly from the spectra. A preliminary analysis of the light curve gives a light ratio of l s /l p =0.014.
Using the intrinsic colour of the primary star, the light ratio and the observed composite colour of the system an interstellar reddening of E (B−V ) =0 m .338 was determined for the system.
We started to analyze the light curve using the Wilson-Devinney code (hereafter WD; e.g., Wilson & Devinney, 1971; Wilson, 1979 Wilson, , 2006 as implemented in the software phoebe (Prša & Zwitter, 2005) . The WD code is widely used for determination of the orbital parameters of the eclipsing binaries. To run the code we need some initial parameters. The initial logarithmic limb-darkening coefficients were taken from the tables given by van Hamme Table 4 . The corresponding computed light curve is shown in Fig. 3 as a continuous line.
Results and discussion
Based on the results of radial velocities and light curves analyses we have calculated the physical properties of the V446 Cep. For this purpose, we used the JKT ABSDIM code developed by Southworth et al. (2005) .
This code is now widely used for derivation of the absolute parameters of the eclipsing binary stars' components. It calculates complete error budgets using a perturbation algorithm. The fundamental stellar parameters for the components such as masses, radii, luminosities and their standard deviations have been derived using this code. The astrophysical parameters of the components, and other properties for the stars of V446 Cep is presented in Table 5 .
The separation between the components was found to be 28.10±0.63 R ⊙ for V446 Cep. The masses were measured to precision of about 6-7 %, apart from the mass of the secondary star of V446 Cep, which has an uncertainty of about 11 %. On the other hand the radii of the stars have been derived with a precision of better than 5 %. The accuracy of any parameter of an eclipsing binary system depends mainly on the coverage of the both spectroscopic and photometric observations and their precision. In addition, the LC solutions are more accurate for totally eclipsing systems. The light curve of V446 Cep shows total eclipses, but the precision of the photometric measurements is not sufficiently high. Despite these drawbacks, the physical parameters of the components of system could be determined with sufficient precision. We note that the effective temperature of the secondary star derived from the spectra is in good agreement with that obtained from the light curve analysis.
The luminosities and absolute bolometric magnitudes are calculated directly from the radii and and effective temperatures of the components. The effective temperature of 5 777 K and the absolute bolometric magnitude of 4.74 mag were adopted for the Sun (e.g., Drilling & Landolt , 2000) . The bolometric corrections were interpolated from the tables of Flower (1996) .
The V-band magnitude of the system at out-of-eclipse phases is taken as 7.32 for V446 Cep. We have calculated the absolute visual magnitudes for the components using the fractional luminosities and bolometric corrections given in Table 4 and 5. Combining these values with the interstellar absorption of 1.09 mag for V446 Cep we have estimated the distance to the system as 1100±62 pc.
In the log T eff -log L/L ⊙ (left panel) and log T eff -log g planes (right panel)
of Fig. 4 we have plotted the positions of the components, with 1-σ error bars. The filled and empty circles represent the primary and secondary star of V446 Cep. The evolutionary tracks and isochrones for the non-rotating single stars with solar composition are taken from Ekström et al. (2012) .
V446 Cep was included in the list of probable members of the Cep OB2 association (e.g., Simonson, 1968 , and reference therein). According to Patel et al.
(1998) the distance to the Cepheus OB2 association is ∼ 900 pc and it is embedded in the Cepheus bubble, a giant shell structure of atomic and molecular gas extending in a radius of about 120 pc, which is believed to be generated by an earlier generation of hot and massive stars in NGC 7160. Garmany & Stencel (1992) derived a reddening in the range 0.29-1.12 for the stars in the Cep OB2 field, with a mean value of 0.59 for the members of the association. The interstellar reddening that we estimated for V446 Cep,
, is lower than the value estimated for the association, but it is consistent with the value of 0.32 derived by Harries et al. (1998) oversized and over-luminous relative to a zero-age main-sequence star of the same mass (Harries et al., 1998) . Although the less-massive secondary star of V446 Cep does not fill its respective Roche volume it is seen as oversized and over-luminous with respect to its mass, similar to the secondaries of the semi-detached systems.
Summary
V446 Cep is close eclipsing binary containing high-mass star. We carried out spectroscopic observations of the system. The atmospheric parameters of the stars in the eclipsing pair have been determined from its spectra.
The spectra were analyzed using cross-correlation for measuring the radial velocities of both components and with an ad-hoc code for deriving their atmospheric parameters. Moreover, HIP P ARCOS light curve was modeled using the WD code. The physical parameters for the system are measured to accuracies of 6-7 % in mass, apart from the secondary of V446 Cep, and 5 % in radius. The distance to the system V446 Cep was estimated as 1100±62 pc.
A comparison of physical parameters of the components with the theoretical models of single stellar evolution models has been made and an age of about 
